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Time course of response to oral and inhaled
corticosteroids in non-asthmatic chronic airflow
obstruction

D C Weir, A S Robertson, R I Gove, P Sherwood Burge

Abstract
One hundred and twenty one patients
considered on clinical grounds to have
non-asthmatic chronic airflow obstruc-
tion completed a double blind, crossover
trial comparing oral prednisolone 40 mg
per day with inhaled beclomethasone
dipropionate 500 pg thrice daily, each
given for 14 days, with a 14 day washout
period between treatments. The time
course ofresponse was analysed for the 57
occasions where there was a significant
increase in mean daily peak expiratory
flow (PEF) over the treatment period.
Mean daily PEF was still rising at day 14
on 12 occasions. After withdrawal of
treatment mean daily PEF remained
above pretreatment levels for more than
two weeks in half the responses analysed.
The peak response occurred earlier with
inhaled beclomethasone (median 9 5
(range 3-14) days) than with oral pred-
nisolone (median 12 (range 1-14) days),
though both treatments produced a re-
sponse that was sustained for a similar
period. The results suggest that a trial of
treatment with corticosteroids in this
group of patients should last more than
14 days, and that in a study with a cross-
over design the washout period should be
longer than two weeks.
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It is common practice to give patients with
non-asthmatic chronic airflow obstruction a

trial of corticosteroids to identify patients in
whom clinical improvement occurs.'2 In such
trials the drug is usually given for two to four
weeks, but the rationale for this duration of
treatment is not clear.3 In a group of
predominantly asthmatic patients Webb et al
showed that those responding to prednisolone
did so by the eleventh day of treatment.4 No
comparable work has been carried out in
patients with non-asthmatic airflow obstruc-
tion.

In a randomised, double blind crossover trial
comparing placebo, inhaled beclomethasone,
and oral prednisolone we showed that a res-

ponse to placebo treatment was more likely to
occur when this was preceded by an active
treatment period, despite a two week washout
period between treatments.5 This suggests a

carry over effect of active treatment of at least
three to four weeks as response to steroid
treatment was not measured until four weeks
after the previous treatment had been stopped.

We have analysed the time course of the
response to oral and inhaled corticosteroids by
assessing the time taken to reach a plateau in
PEF with treatment in our crossover study' and
the time taken for PEF to return to pretreat-
ment levels after cessation of treatment.

Methods
SUBJECTS
Outpatients with chronic airflow obstruction of
at least five years' duration were recruited to
the trial. Patients were excluded if they had a
clinical diagnosis of asthma. Details are given
in the previous article. No patient had received
oral or inhaled corticosteroids in the preceding
six months. All patients gave informed consent.

DESIGN
The trial was a randomised, double blind,
double dummy crossover comparison of
inhaled beclomethasone dipropionate 500 pg
thrice daily, oral prednisolone 40 mg/day, and
placebo. Each treatment phase lasted two
weeks and was followed by a two week washout
period before the next treatment was given.
The first treatment period was preceded by a
four week baseline period. Patients attended
the laboratory on days 1 and 14 of the baseline
period, and on the last day of each treatment
period. Fourteen further patients who
completed the same protocol without the
placebo period are included in this analysis, as
response to treatment has been defined without
reference to the placebo period in view of the
treatment order effect noted in the trial.'

MEASUREMENTS
FEV, and FVC were measured on two
occasions during the baseline phase before any
trial treatment was given, and on the final day
of each treatment phase, all visits being at the
same time of day. Patients were requested to
refrain from inhaled bronchodilators for six
hours before measurements. The mean of three
technically satisfactory blows within 10% or
100 ml (whichever was the smaller) on a dry
wedge (Vitalograph) spirometer was used for
analysis. Baseline FEV, and FVC were taken
as the highest mean measurements recorded
during the baseline period.

After the second baseline visit patients were
asked to measure peak expiratory flow (PEF),
using a mini Wright's peak flow meter, four
hourly during waking hours at home. They
were instructed to record the best of at least
three attempts with the highest two readings
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Figure I Mean daily
PEF in subject 1, showing
a good response to oral
prednisolone reaching a
peak on the 1Oth day of
treatment (day 17). After
the end of treatment the
readings show a gradual
fall through the following
placebo phase, returning to
pretreatment levels on the
28th day after treatment
was stopped (day 49).
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within 20 1/min. Baseline values were obtained
during the two weeks before the first treatment
phase, and the mean PEF was calculated over

the final seven days of this period. Patients
were asked to maintain a constant interval
between their regular bronchodilator medica-
tion and the PEF measurements.

ANALYSIS
Definition of response to treatment
A response to treatment was assessed by com-

parison with initial baseline measurements,
because a treatment order effect was seen. A
full response was defined as an improvement in
absolute values ofFEV, or FVC of at least 20%
measured on the last treatment day, or the same
improvement in mean PEF over the final seven
days of the treatment period, over the values
obtained during the baseline period (see
preceding article). A partial response was

defined as improvement of at least 15% in one
of these measurements or of at least 100% in any
two measurements.

Analysis ofpeakflow records
Selection of PEF records For all treatment
periods producing a full or partial response (as
defined) we analysed PEF records further.
Mean PEF on the seven days immediately
before the treatment period in which a response

was seen (pretreatment period) was compared
with mean PEF on the final seven days of
treatment by an unpaired Student's t test. Any
response showing a significant improvement in
PEF (5% level of significance) with treatment
by this means was analysed further. This
allowed us to analyse records of PEF where
response occurred only in FEVy or FVC but
which showed statistically detectable increases
in PEF with treatment.
Graphical analysis of selected PEF records In
the records showing a significant improvement
in PEF mean daily PEF was plotted graphically
(fig 1). Two observers assessed independently,
using predetermined criteria, (a) the time taken
to reach the peak treatment response and (b) the
time taken for readings to return to the
pretreatment level.
Time to peak response was defined as the day

on which the highest daily mean PEF was

reached. The data on time to peak effect are

censored, as the true value in the 12 responses

showing peak daily mean PEF on the final

treatment day is unknown. To compare the
time to peak effect for the two drugs we have
used a ranking test using all the data; excluding
these 12 responses gives the same results.
For duration of treatment effect we defined

the time taken to reach the pretreatment level as
the first day on which mean daily PEF fell
below the upper 90% confidence limit for the
mean PEF during the seven pretreatment days,
provided that such a fall was sustained for two
or more days. When measuring the time taken
to return to pretreatment levels we assessed
data from the washout periods only. PEF
records were available only following withdr-
awal of treatment after the first or second
treatment periods. PEF response was cal-
culated as a percentage change in mean PEF
during the final seven days of treatment from
mean pretreatment PEF.

Results
PREDNISOLONE
Fifty of the 121 patients showed a full or partial
response to oral prednisolone. Of these, 32 had
a detectable increase in PEF as defined and
their data were analysed further. In only 18
instances was a record of PEF available for
analysis after withdrawal of treatment. The
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Figure 2 Histogram showing the day on which the peak
response in mean daily peak expiratoryflow (PEF) was
reached in all 57 responses analysedfor beclomethasone
(hatched columns) and prednisolone (plain columns).

I I I Isolone

Prdnsoon

I . . . . . . . . .

119



Weir, Robertson, Gove, Burge

Baseline characteristics of the responses with and without
records available for the determination of duration of
effect of treatment

Data No
available data
(n = 36) (n = 21)

Day of peak effect for response 11 11
(median[range]) [1-14] [3-14]

Pretreatment peak flow
(1/min, mean (SD)) 223 (82) 204 (91)

Percentage increase in peak flow
with response 16 2 (11 1) 14 6 (10 0)
(mean (SD))

time to peak effect with oral prednisolone
varied from one to more than 14 (median 12)
days (fig 2). In eight of the responses the daily
mean PEF was still rising on the final day of the
treatment period.

BECLOMETHASONE
Forty two patients had full or partial responses
to inhaled beclomethasone, of whom 25 had a
detectable increase in PEF over the treatment
period; 18 of these had a record for duration of
action analysis. Response to inhaled beclo-
methasone reached its peak effect at times
ranging from three to more than 14 (median
9 5) days, four responses showing the peak
daily mean PEF on the final treatment day.

In total, 44 patients showed a response to
active treatment on 57 occasions. The time to
peak response with inhaled treatment was
shorter than with oral prednisolone (Wilcoxon
rank sum test: n, = 32, n2 = 25, Z = 2 51;
p < 0-01). Thirteen patients had a response to
both treatments; the analysis produced the
same conclusions if these patients were
removed (median (range) days: beclometha-
sone 8(3-14); prednisolone 11(1-14); Wilcoxon
rank sum test: n,= 19,n2 = 12;Z = 243;p <
0-01).
The effect of treatment was still apparent in

half (18/36) of the responses 14 days after
treatment had been withdrawn, in that the daily
mean PEF had not returned to pretreatment
levels. The proportion of responses in which
daily mean PEF was still above pretreatment
levels at 14 days was similar for beclometha-
sone and prednisolone (beclomethasone 7/18;
prednisolone 1 1/18; X2 = 1-78; NS).

PLACEBO
A full or partial response to placebo treatment
occurred in 24 of the 107 patients, though only
five showed a significant increase in daily mean
PEF. The PEF response to placebo was less
than the PEF response to the two active
treatments (X2 = 12-1, p < 0O01). Peak effect
occurred on days 5, 7, 10, and 11 (two subjects),
and the time taken to return to pretreatment
levels (available for three responses) was one
day (two cases) and five days.
The two observers agreed in their assess-

ments in all but two cases, differing in these by
one day only (in the analysis the lower value has
been used).
The characteristics of responses with and

without records available after withdrawal of

treatment are shown in the table. There are no
significant differences.

Discussion
Our results show that the time course of
response to oral and inhaled corticosteroids
varies considerably and that two weeks' treat-
ment is not long enough to ensure that maxi-
mum improvement is attained in all patients. In
addition, our analysis indicates that the effect
of such treatment may persist for longer than
two weeks in many patients.
We have not been able to study the time

course of response in all patients we classed as
responders to treatment. In patients respond-
ing in terms of their FEVy or FVC or both we
were able to analyse the time course ofresponse
only if a significant improvement in PEF
occurred over the treatment period. We have
tried to eliminate chance variation in PEF by
using a statistical assessment of PEF changes
over the treatment period to select responses
for further graphical analysis. As definition of
response state is related to baseline measure-
ments and not to pretreatment measurements,
some responders may show no significant
improvement in PEF when their data are
analysed in this way. Responders to placebo
produced statistically fewer responses for
graphical analysis, however, suggesting that
our analysis is looking at the true time course
for active treatment.

Previous studies on the effect of oral
corticosteroids on non-asthmatic chronic air-
flow obstruction have generally used two week
treatment periods, in accordance with the work
of Webb et al.4"'2 With such a design a few
responders may be missed, and the peak re-
sponse attainable in an individual may not be
reached in up to 20% of patients. The chosen
length of treatment in such trials must balance
this aspect with the suppression of the hypo-
thalamic-pituitary-adrenal axis, which is
detectable biochemically at three weeks.'3 In
many patients with asthma inhaled cortico-
steroids do not produce maximum benefit in
many patients until four to six weeks after
treatment is begun.'415 Our results are com-
patible with a similar time course in patients
with airflow obstruction not due to asthma, and
too short a period of treatment may explain the
disappointing results obtained by Harding and
Freedman in a previous study.6 Surprisingly,
inhaled beclomethasone produced a peak re-
sponse more quickly than oral prednisolone in
our patients. One reason for this may be a
difference in the degree ofresponse achieved. A
drug producing a smaller improvement would
produce the peak response earlier if the rate of
improvement were similar. The increase in
PEF with inhaled beclomethasone (13%) was
less than that seen with oral prednisolone
(1766%).
The prolonged beneficial effect of treatment

explains the placebo order effect noted in our
study.5 Benefit from treatment may last for
over two weeks after it is withdrawn, but
because 21 of 57 responses (37%o) did not have
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records available for duration of effect analysis
our conclusions must be cautious. The respon-
ses where records were available for analysis
did not differ significantly in any way from
those without records after the end oftreatment
(table), suggesting that our results are valid.
Our analysis of the duration of effect of treat-
ment may give an underestimate. In five res-
ponses in which a placebo treatment period
followed the 14 day washout period the mean
daily PEF remained above the baseline period
for 22, 23, 28, 41, and 42 days. A similar
prolonged improvement in pulmonary func-
tion has recently been shown in patients with
chronic asthma after withdrawal of oral
prednisolone.'6 In this study nearly half of the
group taking placebo after a short course of oral
prednisolone had no major deterioration in
symptoms and pulmonary function 28 days
after prednisolone was withdrawn.
A treatment order effect has not been seen in

previous trials of oral corticosteroids in similar
patients, though only two reports have speci-
fically commented on this. With their smaller
number ofpatients these trials may have lacked
the statistical power to detect this effect. Our
results suggest, however, that to avoid this
trials should incorporate a washout period of
well over two weeks. If this is impracticable in
the clinic setting a single blind or observer
blinded sequential assessment may be more
appropriate.
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